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Abstract  
With the shortage of water resources and aggravation of water supply risk in cities, more and more attention has been 
paid to the problems of emergency water supply. Now, research on emergency water supply already becomes one of 
the tasks which should be timely resolved. And the way to resolve the problem, choice and demonstration of the 
water source field are important and profound to cities. As to the cities in north China, they are affected by monsoon 
climate. As a result, the distribution of precipitation is non-uniform according to time and space. Besides, surface 
water flows slowly during drought season which results in easy pollution and difficult to treat. Comparing to surface 
water, the quality of groundwater is better and it is difficult to be polluted. So as to northern cities where 
groundwater is sufficient, choosing groundwater source field is more significant. 
 First, the concept of emergency water supply is discussed in the paper based on the existing research work. 
Then the paper divides emergency water supply into two types according to the causing characters. One is 
emergency water supply caused by sudden disaster and the other is emergency water supply caused by non-sudden 
event. Accordingly we have two types of emergency water source field. They are sudden emergency water source 
field and backup water source field. Then the paper analyzes the characteristic of water resources in northern cities 
when emergency water supply is required, and concludes that it is better to choose groundwater resources as 
emergency water source field. After that, ten factors which affect the source field are discussed. These factors 
include the quantity of water, the quality of water, the possibility of drawing, duration of emergency water supply, 
and safety of the water source field, demanding of water in the source area, environment damage, and economic cost 
of emergency water supply, artificial regulation and profit balance. Based on it, the paper puts forward both the 
demonstration objects and demonstration tactics of the cities’ emergency water source field. At last the paper takes a 
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water source field in the middle reaches of Yinma River as an example to demonstrate emergency water source field. 
The demonstration aims at five affects, including the quantity and quality of water, water drawing methods, 
environmental influence and economic cost of emergency water supply. 
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1.Introduction 
Sustainable use of water resources is important to sustainable development of economy society, 
coordination of social and ecological environment. It directly affects the national economy and 
comprehensive construction of well-off society. In May. 2000, we held the “international pro-seminar of 
water resources Safeguard to big cities’ sustainable development in the beginning of 21st century” in 
Tianjin city. And in the pro-seminar, we have agreed on that effective guarantee of water resources 
always becomes a precondition to sustainable development of big cities(Run & Wei,2004). 
As a result of the spontaneous change and the human factor influence, the water resources are short, 
the pollution is picking up, and the sudden disasters exist in the word. All of them have seriously 
restricted the society's stability and development. To northern cities in our country, as a result of the 
monsoon climate, the precipitation doesn’t distribute symmetrically according to time and space. 
Furthermore, it changes obviously between dry and wet seasons. Meanwhile, solid water takes a heavy 
portion of precipitation in winter. And arid year occurs continuously in northern cities. Therefore, surface 
water follows slowly in winter or drought years and it is quite difficult to deal with after polluted. 
Compares to surface water, groundwater has some advantages when emergency water supply is needed in 
the city. For example, groundwater is relatively stable and it is not easy to be polluted. In addition, the 
water quality is quite good.  
At present, cities’ emergency water supply has already become the focus of the country and its people. 
Plan, exploration and demonstration of groundwater source field are very important to the construction of 
northern cities in our country. 
2.Cities’ emergency water supply 
2.1.Research actuality 
Shortage of water resources, water disaster and water supply crisis can affect stability of the country 
and lives of the people, which induce people to pay more attention to the problem of emergency water 
supply. Min Qingwen, Cheng Shengkui points out that emergency water supply is the problem about all 
aspects of social economy, rather than the problem only related to water resources itself. And they hold 
that shortage of water resources will directly affect food or gain security (Min & Cheng,2002). Chen 
Yanhai and Zhang Xiaofen analyze the hazard of water source crisis with the different view of politics, 
economy, city development and lives of urban people. Besides, they elaborate the necessity of 
establishment of cities’ emergency water supply projects(Chen & Zhang,2003). Xia Jun emphasizes the 
importance of research on emergency water supply with high-strength human activities(X,2003). Yan 
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Guanfa and Jia Tao have conducted some research on emergency water supply by making emergency 
water supply quotas(Yan & Jia,2005). These scholars have analyzed and discussed the problem of 
emergency water supply from different aspects. And their work has built a good foundation to further 
study on emergency water supply. However, present studies most concentrate on the aspect of 
determining related concepts. And there is no sufficient work on the systemic demonstration of 
emergency water source field.
Nowadays, there exist water source drying up risk and water transferring and distributing economic 
cost too high risk in cities, because water resources are deficient and the cities’ water consumption 
increases sharply, as well as degree of water saving is too low. Meanwhile, terror attacks, epidemic 
diseases, earthquakes, battles and so on sudden-happen events will occur sometimes. All of them induce 
cities to have water quality pollution risk and sudden-happen disaster risk(Chen & Zhang,2003). So, 
emergency water supply is needed when the city is suffering such water supply risk. After analyzed, 
emergency water supply is considered to include several aspects. First, it should satisfy uses with 
demanding of water quantity, water quality and water hydraulic pressure. Second, it is better to have more 
water source, stronger ability of water drawing and purifying and as reasonable transfer-distribution 
management as possible. Third, when emergency water supply is put into practice, it should be safe, 
reliable and economy cost reasonable duration the whole progress. In the whole, it is an emergency water 
supply action to satisfy water demanding of people’s life and the departments which relate to society and 
national economy closely in the maximum extent(Qin & Chen,2001:Li et al.,2002:Zhang & Han,2005). 
2.2.Emergency water source field sort. 
According to the two kinds of emergency water supply described above, city’s emergency water 
source field can be divided to two types. One is sudden emergency water source field. And the other is 
backup water source field. Sudden emergency water source field is usually established for the need of 
sudden emergency water supply. It usually refers to the field which can provide considerable amount 
water in a short period under certain artificial intervention pattern. When the degree of lack of water 
surpasses certain value, new water balance is needed for further development. Backup water source field 
is usually established under such condition. The two kinds of emergency water source field may be 
different water source fields, or they may be a same field. They distinguish each other mainly from the 
scale and the project of water drawing under artificial regulation. That is to say, degree and methods of 
artificial intervention are different. 
2.3.Emergency water source field sort. 
According to the two kinds of emergency water supply described above, city’s emergency water 
source field can be divided to two types. One is sudden emergency water source field. And the other is 
backup water source field. Sudden emergency water source field is usually established for the need of 
sudden emergency water supply. It usually refers to the field which can provide considerable amount 
water in a short period under certain artificial intervention pattern. When the degree of lack of water 
surpasses certain value, new water balance is needed for further development. Backup water source field 
is usually established under such condition. The two kinds of emergency water source field may be 
different water source fields, or they may be a same field. They distinguish each other mainly from the 
scale and the project of water drawing under artificial regulation. That is to say, degree and methods of 
artificial intervention are different. 
3.Water source field 
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In winter or drought year, surface water in our northern cities have little recharge. Once polluted, it is 
hard to refresh and deal with. Compared to surface water, the quality of groundwater is usually better. 
Besides, groundwater drawing facility is not easy to be destroyed by earthquake and battle and other 
sudden disaster. Furthermore, groundwater source field may guarantee the city stable water supply in 
certain period. Therefore, in northern cities where groundwater is abundant, it is more significant to 
choose groundwater as water source for both sudden emergency water source field and backup water 
source field. 
We should consider following factors when we put ground water source field as cities’ emergency 
water source field: 
y Water quantity. As groundwater source field, it should have proper space for water conservation 
as well as sufficient water recharge. Water provided should fist guarantee the part for local 
domestic and important department use. Then it should sustain the cities’ basic need with 
compressing other water use. 
y Water quality. Water quality of the source field should conform to water consumption standard or 
conform to the standard after processed. The 11th item of “Management principle of quality of 
Cites’ water supply” prescribes that quality of cities’ water supply should be better than ҉ 
standard of surface water environment, and it should conform to the standard of water quality for 
domestic use. For emergency water source,   it is feasible for water quality to satisfy human need 
after processed through available methods. 
y Availableness. When one city needs emergency water supply, we should make sure that water 
source can be drawn out for human use. At the same time, we should pump as much water as 
possible in time. 
y Sustainable period of cities’ emergency water supply. When emergency water supply is needed, 
the groundwater source field first may timely provide water to the target area. Second, it should 
guarantee the city water supply as long as possible. 
y Security of groundwater source field. It is important for the groundwater source field to have 
strong power of keeping safety. Once the city suffers disaster of earthquake or battle and so on 
sudden events, safe operation of water source field may slow down the influence of sudden 
disaster in a certain degree. This not only requests safe keeping of water source field itself, but 
also the work for protecting water distribution route(Tang,2002). 
y Water demanding in water source area. It is better for the water source field to satisfy local water 
use when emergency water supply is needed. That is to say, we should coordinate local and the 
city’s water demanding and try to achieve consideration of all-round. 
y Environment damage. Although we pursue as much water as possible, it is better for us to control 
negative environment damage at a level which may accept based on sustainable use principle(A.P. 
Svintsov,2001:Huang & Sun & Tang,2004). 
y Emergency water supply cost. When we choose places for emergency water source fields, we 
should take the exploitation cost and water distribution cost as well as the influence to water 
source area into account. And we should reduce the economical pressure as far as possible. 
y Artificial regulation. As to city’s emergency water supply, we should take reasonable regulation 
to make emergency water source field satisfy the need of water resources of the whole city 
according to water quantity demanding and emergency water supply duration period. And we 
should try to satisfy water supply intensity and water supply sustainable period in the greatest 
degree. 
y Benefit balance. It is good for emergency water supply to be carried on by making legal laws 
confirming the status and implementation condition of emergency water supply, because 
emergency water supply involves various benefit competition. 
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There are some differences between sudden water source field and backup water source field. First, in 
the way drawing water, sudden water source field usually needs to provide as much water as possible to 
satisfy the city’s demanding in a relative short time. Therefore, we always need to dispersedly locate 
some wells in the research area. When emergency water supply is needed, we can synchronously turn on 
all the concentrating drawing wells and dispersing drawing wells. And in a normal sense, we can take 
drying-up water drawing methods. But the drawing water intensity of backup water source field is 
relatively small, because as to backup water source field, we only need to open concentrating drawing 
wells. Besides, in the aspect of environment response, drawing water from sudden emergency water 
source field is one kind of aquifer releasing water process of irreversibleness. It is easy to reduce 
compression of aquifer and damage of water environment. However, negative environmental response 
caused by backup water source fields can be controlled in a small level. Finally, in the aspect of policy 
making, it is better for the government to prescribe the status and the implementation condition of sudden 
emergency water supply in the legal form, because sudden emergency water supply may inevitably make 
negative influence to people’s everyday life, production and ecology in the research area. As to backup 
water source field, we can take principles of benefit coordination. Concrete differences as table 1 shows. 
Table 1.Infection factors of emergency water source field 
      
Factors 
 
Request 
Water 
quantity 
Water 
quality Availability Time Security
Local water 
demanding
Environment 
damage 
Economy 
feasibility 
Artificial 
regulation 
Benefit
balance
Sudden 
emergency 
water 
source field 
Provide 
as much 
water as 
possible 
Be 
feasible 
after 
treated 
Draw 
quantity of 
water in 
a short 
period 
Provide 
water to the 
city timely 
and as long 
as possible
Security 
and 
strong 
power to 
resist 
interfere
Better to 
satisfy local 
water 
demanding
Control 
environment 
damage 
Consider 
economy 
influence, try 
to reduce 
economy 
pressure 
Turn on 
concentrated 
wells and 
dispersing 
wells 
In the 
form of 
law
Backup 
water 
source field 
Provide 
appropriate 
quantity of 
water 
Be 
feasible 
Determine 
intensity 
based on 
water 
demanding 
Guarantee  
the city 
sustainable 
period 
Run 
normally
Prior to 
satisfy local 
water 
demanding
Try to avoid 
environment 
damage 
Coordination 
of cost, 
ecology, 
benefit 
 
Turn on 
concentrated 
wells 
Benefit 
balance
 
4.Emergency water supply demonstration 
4.1.Demonstration target & content.  
Research on sudden emergency water source field mainly focuses on available water quantity that 
provided when the city is suffering water supply risk. The target is to provide as much water as possible 
to meet the city’s demanding and to guarantee the city as long duration time as possible. The target of 
research on backup water source field is to increase variety of cities’ water supply and to strengthen the 
stability and reliability of the water supply system. Based on above research aims, the main research 
contents include water quantity that can be developed, water quality, drawing water methods and 
programs, environment influence assessment and emergency water supply economy analyse and etc.(Dai 
& Chi & Chen,2005:Liu,2003: A. P. Demin,2000) 
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4.2.Demonstration method. 
Demonstration of emergency water supply can be divided into two parts. First, as water source field, 
its demonstration methods have some similar contents to normal water source field. Second, they 
distinguish each other from constraint conditions, because the demonstration of constrain conditions 
under artificial regulation is the most important content for emergency water source fields. 
When we make research on city’s emergency water source field, we can do our work conforming to 
following steps. First, we can choose the region where it is relatively full of water according to concrete 
physiognomy characteristic, hydrogeological conditions and former work achievement. Then based on   
exploration experiment, analyse and calculation as well as other work, we can demonstrate recharge of 
water, space of aquifer and water exchanging conditions. Second, if the research place has all the 
characters that emergency water source field should have, we can make different programs based on 
water demanding of the city. Then we can determine concrete implementation methods according to 
different emergency water supply conditions. Third, we should make assessment on environment 
influence and economy cost analyse. Finally, we can locate water drawing equipment and realize the 
emergency water source field construction. If we don’t add artificial regulation equations, the 
demonstration model as following shows. 
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In which, x, y are special coordinate; k is coefficient of permeability (m/d); M is thickness of aquifer 
(m); H is groundwater level (m); ioH  is recharge or discharge intensity (m/d); t is time; u  is yield of 
aquifer;  2*:ǃ  are range and No.2 boundary of research area; H0 is initial groundwater level (m); B is 
level of the low boundary of aquifer (m); q(x,y,t) is the flux of No.2 boundary (m2/d); n
G  is the outer 
normal direction of 2* . 
When we take emergency water supply, artificial regulation mainly includes two activities. One is that 
we should arrange water drawing wells spread around water source area. The other is that we can locate 
barrage and return-infiltrate fields and so on where surface water is abundant. If we add the artificial 
regulation into demonstration models, it reflects in the form of positive and negative water volume 
pulse(recharge is positive and discharge is negative) as well as the change of recharge and discharge 
intensity compared to conventional water supply. The models for artificial regulation should be 
determined according to water source field conditions and water demanding of the city. 
5.Case analysis 
5.1.Water source field general situation. 
Changchun city is the politics, economy and cultural center of Jilin Province. The city is located in the 
Song-Liao watershed region. In a normal sense, it is lack of water and the water supply system seriously 
relies on the project of the second Songhua River. As a result, the stability of water supply system is low 
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and the risk is relatively high(Hong & Zhuang,1995). The Quaternary pore aquifer in the plains of middle 
reaches of Yinma River locates 50 km southeast to Changchun city. And it is right in the joins of alluvial 
valley plain of Yinma River and Yishu geosyncline. In the research area, water-bearing media is main 
Quaternary sands and grits which may be 5m to 20m thick. And in the area, surface runoff is abundant, 
Yinma River and Shuangyang River flow across it. It is proved through exploration experiment and 
calculation and so on a series of work that the area is a potential place to build an emergency water 
source field or a backup water source field, because space of the pore aquifer is large, recharge of water 
is sufficient and water exchange condition is good. In a word, the place can be built as a water source 
field of Changchun city. 
5.2.Water source field demonstration. 
Emergency water supply principle.As a sudden emergency water source field, we can determine three 
principles to the pore aquifer in the middle reaches of Yinma River. The first is we should put cities’ 
water demanding at the most important place. The second is we draw water mainly from the pore aquifer. 
The last is we can take dry-up exploration method. The first principle is to say that we should first satisfy 
water quantity needed for Changchun city. At the same time, we try our best to consider water use of 
local place. The second principle means that when emergency water supply is induced, we can draw 
water out of the aquifer as much as possible, and it should guarantees the city quit a long period. The 
third one refers that we can synchronously open concentrated wells and dispersing wells. In this way, we 
can draw more water from the aquifer. But we should notice that the method is not a sustainable program. 
As a backup water source field, the pore aquifer in the middle reaches of Yinma Rive provides water 
to Changchun city should follow two principles. They are all-round consideration principle and the 
sustainable use principle. The all-round consideration principle means that the artificial regulation aims at 
collection of water in the water abundant season. Besides, it is better for water supply not to effect 
reservoir upstream or downstream to store water. And water supply should first satisfy local water 
demanding. Sustainable principle means when we take artificial regulation to water supply, we’d better 
make our regulation in a proper extent. That is to say, we can’t only consider the water quantity needed, 
we also should take environment negative influence into account. Meanwhile, based on many-year-use 
principle, we can make plans to regulate water. In this way, we can make best use of the water source 
field.(Feng & Cui,2004:Xu et al.,1998) 
Emergency water supply program. As to sudden emergency water source field, the emergency 
program should have four aspects. First, water exchange activity doesn’t include the local agricultural 
irrigation. Thus we don’t have to consider the items of irrigation exploration and irrigation infiltration. 
Second, when sudden emergency water supply is needed, we can put wells for agriculture use into cities’ 
water supply use. Third, in order to have stronger water drawing ability, we can equate concentrated 
water drawing power to ability of dispersing water drawing wells. Fourth,   precipitation and forecasting 
period can’t be obtained by extrapolation of conventional sequence because the events that induce 
emergency water supply are all abnormal events. The way to solve the problem is that we can determine 
them by whether the year is dry year or highest flow year. Then we can make a standard data for each 
year. 
If we use the pore aquifer in the middle reaches of Yinma River as a backup water source field, all of 
precipitation, irrigation infiltration, river infiltration and lateral recharge have some change compared to 
natural condition. Artificial regulation in water supply program is reflected mainly through water 
pulse(recharge is positive and exploration is negative) of three rivers and five return infiltration fields.  
Model establishment. As sudden emergency water source field, the pore aquifer in the middle reaches 
of Yinma River can be regulated by following equations on the foundation of model(1) running. 
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In which, E is precipitation intensity (m/d); R is river lateral recharge intensity (m/d); Q  is exploration 
intensity (m/d); m1 is sequence number of exploration points; M1 is total of exploration points; 1mQ  is 
exploration intensity in the point of m1 (m/d); QDT is the maximum exploration ability of concentration 
projects (m/d); Vt is actual regulation reservoir volume (m3); F is area of reservoir section (m2); Htop is 
maximum water level (m). 
We should notice that total exploration volume can’t exceed 55% of the whole aquifer, and exploration 
volume of one point can’t surpass 70% of total volume. That is 
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(Hitop is the maximum water level of node i; Hit is the actual groundwater level in time t; Bi is the low 
boundary level of the aquifer in node i; n is total number of nodes).  
As a backup water source field, on the foundation of model(1) running, we can establish artificial 
regulation equations as following shows. 
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In which, tX  is precipitation in t month, t is sequence number of month; lS  is cycle item of 
precipitation sequences, T
T
ttl x»¼
º
«¬
ª  1  in which T is length of one cycle, > @*  means adopting 
complete function; kC  is the trend item of precipitation sequences, 11 »¼
º
«¬
ª  
T
tk ; tZ  is the remain 
item of precipitation sequences; G is return- irrigation intensity; m2 is serial number of recharge points; 
M2 is total of water recharge points; c2mQ  is water recharge intensity of recharge points; other signs 
have same minings with above ones. 
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We ought to notice that regulation reservoir volume should be bigger than zero and smaller than 
maximum regulation volume. That is 0VtVmax . 
5.3.Results analysis. 
After debugging and computation, the results show that if emergency water supply occurs in dry 
seasons of low-flow year, the pore aquifer in middle reaches of Yinma River can guarantee Changchun 
city at least three months with water supply intensity of 78.6h104m3/d. Imagine emergency water 
supply happens in other situations, can the aquifer maintain a longer sustainable period. So it can provide 
a precious maneuver time for the city to solve the water supply problem. 
6.Conclusion 
Northern cities in our country are naturally lack of water in dry seasons. Meanwhile, surface water is 
frozen for a long time which may last for several months. And it may result the exploration relatively hard. 
Therefore, in northern cities where groundwater resources are sufficient, it is significant for groundwater 
source field to be established as a sudden emergency water source field or backup water source field. 
With artificial regulation, such as arranging water drawing wells, barrages and return infiltration fields 
around water source field, groundwater source can be used for emergency water supply for quit a long 
period. Besides, in this way, groundwater source field can be easily to obtain water recharge, so we can 
reduce the geological disaster in a great degree. In this paper, we have considered various influence 
factors. And we have also noticed that results fluctuate with the change of factors. So the calculation and 
demonstration method provide a significant reference to other cities’ emergency water supply. 
In addition, it is advantageous for emergency water supply to be actualized in the form of law or 
administrative rules. Because emergency water supply involves various benefit competition. And though 
the rules, we can determine emergency water supply status and the benefit adjustment principle. 
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